To determine the dimensional accuracy of thermoformed dental base plates. Materials and methods: Six different types of thermoformed materials were used. The circumference of the triangle formed between the index marks on standard maxillary edentulous metal model and measurements of the surface area of the gap between the posterior margin of base plate and the metal model were captured with digital camera and measured with AutoCAD program. Measurements were made after 1 day after processing and then 2, 3 and 7 days. ANOVA and Duncan multiple range test were used to statistical analysis of the data. Results: The linear dimensional shrinkage and inaccuracy of fitness were significant for all of the thermoformed materials. The change after 7 days was not significantly different from that occurred after 1 day. Conclusions: All thermoformed materials exhibited dimensional instability, the Duran(hard material) and Durasoft(flexible material) were the most dimensionally stable and accurately fitted thermoformed materials.
INTRODUCTION
Vacuum thermoforming is a plastic thermoforming process that involves forming thermoplastic sheets into threedimensional shapes through the application of heat and pressure. Basically during vacuum forming processes, plastic material is heated until it becomes pliable, and then it is placed over a mold and drawn in by a vacuum until it takes on the desired shape. Vacuum thermoforming is a huge method for producing plastic parts that has sharp details and fit nicely to specific products. The greatest advantages of vacuum forming are the ease of handling, constant heating temperature regardless to the external influence and power supply, short working time and less parts and therefore more cost effectiveness. (1, 2) Thermoforming process has been used to produce a variety of dental prostheses that include splints, stents, mold duplica-Linear Dimensional Change and Accuracy of Fit of Positive Pressure Thermo-Formed Prosthodontic Materials tion, mouth guards, implant positioners, occlusal splints, record bases and else. (1) (2) (3) (4) (5) (6) (7) Previous studies characterized thermoformed materials with respect to molecular weight, residual monomer contents, glass transition temperature and wear resistance. (7, 8) A prerequisite of stable denture is the accurate recording of the relationship between the upper and lower jaws through a stable occlusal rim and trial denture which should fit the cast and the mouth accurately (9) , it is therefore important that the thermoformed material also accurately fit the cast to which it was adapted and maintain its shape and integrity, therefore the investigations that done to report the dimensional accuracy and the accuracy of adaptation of the thermoformed material to the dental casts are very important. (10) (11) (12) (13) (14) 
MATERIALS AND METHODS
Six different types of hard and flexible thermoformed materials are selected for characterization. The hard materials include: Imprelon, Biocryl C, and Duran. The flexible thermoformed materials include: Bioplast, Durasoft and Coplast. All of these materials are produced by Scheu/Dental (Iserlohn, Germany).The imperelon is hard elastic foil,bonds easily to acrylic. Biocryle C is pure acrylic material with no monemer residues.Duran is hard elastic transparent foil,bonds to acrylic.Bioplast is flexible material that dosenot bond to acrylic.Durasoft is sandwich foil material . Coplast is tough elastic foil that dosenot bond to acrylic (Manufacturer). A metal model resemble the maxillary edentulous alveolar ridge with 3 reference marks were used for this research, one of the marks was found on the anterior region near the incisive papilla, the other two marks were positioned on the right and the left 2nd premolar region ( Figure 1 ).
Figure (1):Metal model with reference points
The using of metal mold to measure the dimensional accuracy of the material was documented by many researchers. . (15) (16) (17) (18) Biostar thermoforming equipment (Scheu dental Am Burgerg, Germany) ( Figure 2 ) was used in the fabrication of the specimens.
Figure (2): Biostar thermoforming equipment
The thermoforming equipment consists of infrared heater, forming table, clamping frame and reservoir for air pressure supply. During the forming stage the metal model was positioned on the forming table, the thermoplastic sheet was positioned in the clamping ring above the metal model and below the heating element. The power and the heating circuit were switch on, after setting the code, the infrared heater reach the working temperature and the thermoformed sheet can be plasticized. Eight specimens were prepared for each type. A digital camera (Sony, Japan) with a very high degree of resolution was used and placed at constant distance (30cm) away from each specimen using stable horizontal stand. For the linear dimensional change the distance between the 3 index marks were measured and collected to produce the circumference of ABC triangle ( Figure 3 ).
Figure (3):specimen for liner dimensional change
The predetermined distance were measured in graph using the AutoCAD computerized program with (00.0000 mm) degree of accuracy after 1,2,3 and 7 days. For the accuracy of adaptation test, the area of the space occurred between the posterior border of the specimen and the posterior margin of the metal model were recorded and measured ( Figure 4 ). (19) 
RESULTS
The linear dimensional change of the thermoformed materials after 1,2,3 and 7 days were calculated (Tables 1-6, Figures 5-10), each figure presents the measurements of the circumference of ABC triangle that formed on the metal model and on the thermoformed base plate after 1,2,3 and 7 days after processing. All results showed significant shrinkage of the linear measurements of the thermoformed materials from that on the metal model. For the Imprelon thermoformed material, the linear dimensional change was highly significant (Table 1) . Duncan multiple range test indicated that the shrinkage that occur after and 7 days (87.6776 mm) was greater but not significant from the measurements after 1 day (87.7357mm) ( Figure 5 ). The linear shrinkage for the Biocryle C after 1 and 7 days was (86.7144mm and 86.2521 mm) successively and (87.7357 mm and 87.6776 mm) for Duran thermoformed material. For the Bioplast flexible thermoformed materials, ANOVA test indicated that there was significant linear dimensional shrinkage of the thermoformed base plate after different periods (Table 4, Figure 8 ) and the shrinkage that occurred after 7 days was significantly greater than that occurred after 1 day. The Linear dimensional shrinkage of the Durasoft and Coplast thermoformed material was also significant but the change after 7 days was not significantly greater than that occurred after 1 day (Tables 5,6 and Figures 9,10) , the same as that of the hard thermoformed materials. For the hard thermoformed materials, Duran showed the significant dimensional shrinkage (87.6776mm) as compared with the metal model (89.0172mm), while for the flexible thermoformed materials, Durasoft exhibited the significant change (87.9713mm) followed by Coplast and Bioplast materials. The accuracy of fit-ness of the thermoformed materials was studied (Tables 9-15, Figures 13-18 ). All of the materials present the production of significant gap at the posterior palatal border. For the Imprelon and Biocryle C, this gap was significant at the 7 th day than that formed at the 1 st day (Tables 9,10 and Figures 13,14 ). For the Duran material, there was no significant difference between the 1 st and 7 th days (Table 11, Figure 15 ). ANOVA and Duncan multiple range test showed that the Duran thermoformed material showed the significant adaptation to the metal model (18. 2256mm 2 ) as compared to other hard thermoformed mate-rials and the Durasoft (34.0829 mm 2 ) when compared to other flexible thermoformed materials (Tables15, 16 and Figures 19, 20) . 
DISSCUTION
In this research, it was noticed that thermoformed materials exhibit significant linear dimensional shrinkage (Tables 1-6 ). The stretching of thermoformed materials was the result of current construction process that used dedicated dental thermoforming instrument employing vacuum and air pressure to maximize adaptation accurately. This was documented by other researchers. (10, 13) The stretching of maxillary base plate lead to the development of significant space at the posterior palatal border (Tables 9-15 ). The development of space between the posterior palatal region of the metal model and the base plate was explained in terms of strain release in the maxillary base plate which causes stretching of maxillary denture base. This stretching has a tendency to draw the flange inward with resultant elevation of the palate. (20, 21) Generally the linear dimensional shrinkage of the thermoformed material after 7 days was not significantly greater than that occurred after one day, this encourage the explanation that, the main cause for the dimensional inaccuracy was the current construction process that involves using vacuum and air pressure to maximize the adaptation. Jagger et al. 2003 demonstrated that there was no significant difference in the accuracy of adaptation of the thermoformed materials over time. This result was also documented in this research as the adaptation of the thermoformed material generally not significantly changed after 7 days from that obtained after 1 day except the Imprelon and Biocryl C materials (Figures 13-14) .
The result obtained in this research demonstrated that the most dimensional stable and accurately fitted thermoformed material was the Duran as compared to other hard thermoformed materials (Figures 11,19 ) and the Durasoft when compared to other flexible thermoformed materials (Figures 12,20 ).
CONCLUSIONS
1. Thermoformed materials exhibit linear dimensional shrinkage and change in fitness after processing, this was due to the using of the vacuum and air pressure during the construction process. 2. Because of the current construction process, the linear dimensional shrinkage and the change of fitness for the most of the thermoformed materials that occur after 7 days were not different from that occurred after the first day. 3. In relation to the hard thermoformed material, Duran was the most dimensionally stable and accurately fitted. 4. The Durasoft was the best flexible thermoformed material in regard to dimensional stability and accuracy of fitness.
